Although many investigations concerning the content of nucleic acids in bacterial cells have been reported (Stacey, 1948; Belozersky, 1947; Boivin, 1948) , no systematic study of nucleic acid synthesis during growth was undertaken until the studies of Malmgren and his co-workers (1945, 1947a,b,c,d,e) and of Cohen (1948) .
In some experiments a synthetic medium of the following composition was employed:
L-Glutamic acid (Eastman) 2.0 g Glycine (Eastman) 7.5 " Glucose 2.0 " Glycerol 1.0 " NaCl 5.9" Trace elements were added to give the following concentrations in milligrams per liter of medium: boron, 0.01; copper, 0.1; iron, 0.2; manganese, 0.02; molybdenum, 0.02; and zinc, 2.0. The pH was adjusted to 7.4 with normal NaOH, and the medium was sterilized in 500-ml volumes at 15 pounds pressure for 15 minutes. Just prior to use, 1.0 ml of sterile 1.0 per cent KH2PO4 was added per 100 ml of medium. Chemical analysis. Samples containing from 5.0 X 109 to 1.0 X 1010 cells were removed from the experimental cultures and added to 40-ml heavy-walled centrifuge tubes containing enough cold 50 per cent trichloroacetic (TCA) to give a final concentration of 10 per cent. The tubes were then centrifuged (usually within 15 minutes of sampling) at 2,500 rpm for 20 minutes, the supernatant was discarded, and the sedimented cells were allowed to drain.
The sedimented cells were hydrolyzed with 2.0 ml of 5 per cent TCA in a boiling water bath for 30 minutes, made up to a volume of 2.0 ml again with 5 per cent, and recentrifuged at 2,500 rpm for 15 minutes. The supernatant was poured off into another tube, and portions of it were analyzed for ribose by the orcinol test (Kerr and Seraidarian, 1945) and for desoxyribose by the diphenylamine test (Sevag et al., 1940) .
The procedure for the orcinol test was as follows: to 2.0 ml of a suitable dilution of the TCA extract in a colorimeter tube were added 5.0 ml of 0.02 per cent FeCl3 (in conc. HCI) and 0.3 ml of 10 per cent orcinol (in 95 per cent EtOH). After the tube contents were mixed, the tube was heated for 20 minutes in a boiling water bath, cooled, and read in an Evelyn colorimeter using a 660 filter. The standard used for these estimations was a sample of Schwarz Laboratories yeast nucleic acid.
The estimations of desoxypentose were made as follows: to 1 ml of TCA extract in a small tube were added 2.5 ml of the diphenylamine reagent (1.0 g of Eimer and Amend diphenylamine dissolved in 2.0 ml conc. H2S04 and 98 ml redistilled glacial acetic acid), and the tube was placed in a boiling water bath for 5 minutes. It was cooled and read in a Beckman spectrophotometer at 5,400 A. The standard used in these estimations was a sample of desoxyribose nucleic acid prepared according to Bang-Hammarsten procedure.
In each experiment a volume of medium, usually 200 ml, was prewarmed to 37 C in a water bath and seeded with 17 ml of a 20-ml, 24 Experiments were performed in which the medium seeded from the 24-hour broth culture was the synthetic medium described above and 0.5 per cent NaCl nutrient broth.
In addition, two experiments were performed using the radioactive isotope of phosphorus, p32, as an indicator of nucleic acid synthesis. In these experiments the usual procedure was followed using the synthetic medium. However, radiophosphorus (0.3 microcurie per ml of medium) was used in place of the phosphate usually added. The samples taken from the culture during growth were fractionated according to a modification of the Schmidt-Tannhauser procedure (1945) , and the fractions, after digestion with H2SO4 and H202, were examined for isotope concentration. The samples were precipitated with 5 per cent TCA and the precipitate washed three times with 2.0-ml volumes of 5 per cent TCA. The initial supernatant and the washings were combined to form fraction A. One ml of distilled water was added to the precipitate remaining after fraction A, and it was then extracted three times with 4.0-ml volumes of 95 per cent ethanol and the extracts were combined to form fraction B. The precipitate remaining after alcohol extraction was solubilized and hydrolyzed in 2.0 ml of 1 N KOH at 37 C for 2 hours and the solubilized material then reprecipitated with 0.4 ml of 6 N HC1 and centrifuged. The supernatant and three 2.0-ml 5 per cent TCA washings were combined to form fraction C. It has been found that a 2-hour period of solubilization and hydrolysis is sufficient to separate RNA from DNA and that no inorganic phosphate is formed in this period. RNA is not reprecipitated with 0.4 ml 6 N HC1. The precipitated material remaining after fraction C was hydrolyzed in 5.0 ml of 5 per cent TCA at 90 C for 30 minutes. The supernatant after centrifugation and three 2.0-ml 5 per cent TCA washings were combined to form fraction D. The precipitate remaining after fraction D was dissolved in concentrated H2SO4 and formed fraction E.
All fractions were digested with H2SO4 and H202, and after appropriate dilution, dried in capsules and the P32 content estimated with a conventional GeigerMuller counter.
RESULTS
Representative results are shown graphically in figures 1, 2, 3, and 4. Figure 1 illustrates the synthesis of ribose nucleic and desoxyribose nucleic acids in cultures of E. coli, strain B, upon transfer from broth to the synthetic medium, and figure 2 the synthesis upon transfer to fresh broth. Figures 3 and 4 illustrate the change in average nucleic acid content of the cells during these experiments. Figure 5 illustrates the synthesis of nucleic acids by cultures of E. coli, strain B/r, upon transfer to synthetic medium. Figure 6 illustrates the change in average nucleic acid content of the B/r cells during growth. that the amount of ribose and desoxyribose nucleic acid reaches a maximum per cell at, or just before, actual cell multiplication could be detected. It has been found for both strains that the RNA increase over the initial amount present per cell lies between 5 and 10, while the maximum DNA increase has been ap- in the cell, except in the case of the B/r strain where the DNA content reaches a level approximately one-fourth that initially present.
As additional confirmation of the synthesis during the lag period two experiments were performed with the B strain using the uptake of p32 as an indicator expressed as a percentage of the average total counts, is shown graphically in figure 7 . The amount of phosphorus in each fraction was too low for satisfactory microchemical estimation; hence, specific activity of the several fractions could not be determined and the results are expressed as total counts per minute in each fraction. The rapid incorporation into the RNA fraction and the heavy labeling of this fraction are evident. After 60 minutes of incubation approximately 75 per cent of all radiophospho-us incorporated has been incorporated into the RNA fraction. A note should be made of the small amount of P32 in all fractions at zero time, although this sample was removed from the culture and precipitated within 30 seconds of inoculation. This may represent contamination of the fractions with inorganic p32, or it may result from a very rapid rate of incorporation of the isotope into organic compounds. On the assumption that the zero incubation time values represent inorganic P32 contamination, subsequent determinations should be corrected accordingly.
DISCUSSION
The results described above confirm and enlarge upon the observations of Maimgren and Heden with E. coli (1947c) . The significance of the large increment in ribose nucleic acid during the lag phase is not known but appears to be connected with the protoplasmic and protein synthesis that occurs after cell division has begun. That ribose nucleic acid is involved in the synthesis of protein has been inferred by Caspersson (1947) .
The syntheses observed occur in the phase of culture growth referred to as the phase of "physiological youth." It is during this period that many maxima of chemical activity are observed in bacterial cultures. Maximum activity per cell for the production of heat, carbon dioxide, ammonia, and hydrogen sulfide, as well as a maximum consumption of oxygen, has been found to occur at this time. Cells from cultures in this stage have also been found to possess other characteristics that distinguish them, such as increased size and ability to take up stains, increased ability to support bacteriophage multiplication, increased suceptibility to heat and cold, increased susceptibility to ultraviolet light; lowered agglutinability to both antisera and salts; and lowered electrophoretic mobility (Winslow and Walker, 1939) .
Information on the connection between these activities and nucleic acid is limited but in most instances some connection has been intimated by previous work. The importance of nucleotides in metabolism and the intimate association of nucleic acids and staining reactions are well known. More recently evidence has been shown of a connection between adaptive enzyme formation and nucleic acids (Spiegelman, 1948) and between bacteriophage synthesis and nucleic acids (Price, 1948) .
The differences observed between the B and the B/r strains remain to be clarified. It may be possible to resolve the radiation resistance phenomenon of the B/r strain about these differences. (Demerec, 1946; Newcombe, 1948) , although such a delay has also been observed with the B strain (Demerec and Latarjet, 1946; Demerec, 1946) .
SUMIARY
Cultures of Escherichia coli, strains B and B/r, have been examined for ribose and desoxyribose nucleic acid during the early phases of growth. A large amount of ribose nucleic acid is synthesized during the lag period. This synthesis has been confirmed with E. coli B by use of radiophosphorous as an indicator of nucleic acid content. It has been found that cells of the B/r strain contain 3 to 4 times the amount of desoxyribose nucleic acid that the cells of the B strain contain. A difference between the cells of the two strains following inoculation into fresh medium has been observed.
